The present paper aims to take a closer look at the phonetic variation of short intervocalic /h/ in spontaneous Estonian. Disyllabic CVhV-words were extracted from the Phonetic Corpus of Estonian Spontaneous Speech. Visual inspection of spectrograms shows, that the most frequent variant of short intervocalic /h/ is the voiced variant (70% of the cases). In 21% of the cases, voicing has resulted in the loss of /h/, and consequently disyllabic words can be pronounced as monosyllabic CVV-words. In 3% of the cases, the loss of /h/ is accompanied by vowel shortening whereas /h/ is pronounced as voiceless in 6% of the cases. Some potential factors conditioning variation are discussed in the paper. The percentage of voiced variant increases in accented words, in formal situation and it is favoured by female speakers. Loss of /h/ occurs most frequently in deaccented words, and in informal situation, but in the case of male speakers it also occurs in the formal situation. Loss of /h/ accompanied by vowel shortening occurs only in deaccented words in informal situation. The voiceless variant occurs more often in formal situation, and in accented words pronounced in isolation.
Introduction
It is known that a third of the world's languages have no voicing contrast, cf. [1] . If contrastive voicing occurs, then in most languages it concerns plosives (in 33% of the languages) or both plosives and fricatives (28%); there are some languages (7%) where contrastive voicing concerns only fricatives, see [1] . The quality of obstruents varies both in languages where there is a voicing contrast and in languages where there is no such contrast. Among the potential factors that can have an effect on the variation in voicing are, for example, phrasal position, position in the word, segmental context, word class, stress, accentuation, consonant's duration, speech rate, speaker's gender, speaking situation [2] [3] [4] [5] [6] . For example, in American English, fully voiced fricatives occur more frequently in word initial and medial position than in word final position, and are more frequent if preceded by a stressed vowel and followed by an unstressed vowel than vice versa [2, p. 40-41] . In Spanish, both intervocalic voiceless stops and fricatives have a tendency to become voiced and for example in the case of /s/ voicing is conditioned by several factors such as speech rate, consonant's duration, word-final position [4] [5] [6] .
In Estonian, all plosives /p, t, tʲ, k/ and almost all fricatives /f, s, sʲ, ʃ, h/ are voiceless; phonologically contrastive voicing concerns only labiodentals /f/ and /v/ [7, 8] . However, recent studies have shown that short intervocalic voiceless plosives are often phonetically voiced both in read and spontaneous speech, cf. [3, 9] . An earlier acoustic-phonetic study has shown that the short intervocalic /h/ can also become voiced in read speech [10] . Voicing of short intervocalic /h/ is also characteristic of Finnish, a related language [13, p. 28] . It has been reported that in Leivu, a South Estonian dialect, the short intervocalic /h/ can be completely reduced so that a disyllabic word is pronounced as monosyllabic with a long vowel or a diphthong or as a monosyllabic word with the broken tone or stød [11] . In Livonian, another related language, the loss of a short intervocalic /h/ has been considered as one of the reasons for the historic development of the broken tone, see e.g. [12] .
The aim of this research is to establish the phonetic variants of the short intervocalic /h/ in Estonian spontaneous speech. Earlier research [10] that used read speech suggests that the voiced variant may be considered as the main variant of /h/. This also seems to be the case in spontaneous speech: a search from the Phonetic Corpus of Estonian Spontaneous speech [14] shows that the short intervocalic /h/ has been labelled as voiced in 69% of the cases (see Table 1 ). Compared to /h/, plosives have been transcribed as voiced in 44% of the cases (most frequently /k/ and most rarely /p/: 48% and 35% respectively). The voicing of /s/ occurs more rarely (22% of the cases). 
Material and method
The material comes from the Phonetic Corpus of Estonian Spontaneous Speech [14] . At the time of data retrieval the corpus contained 77 hours of speech from 111 speakers. The corpus is manually segmented both on word and segmental level. The word level is annotated using Estonian orthography; the segmental level is annotated using SAMPA transcription.
To limit the material, for the present study only disyllabic CVhV-words (e.g. raha 'money', liha 'meat', kuhu 'where', näha 'to see', tühi 'empty') were extracted from the corpus. The online search engine allows maximally 200 results for one search. Words teha 'to do' and kohe 'right away, at once' occurred more than 200 times (321 and 292 times respectively), but 200 cases were used for analyses.
In total 1395 CVhV-words were analysed using Praat [15] : in addition to the visual inspection of the wave forms and spectrograms, information from F0 and intensity contours was used. A number of words were left out for the following reasons: words where V2 was not pronounced due to reduction (e.g. vähe aega [vaeh̬ ɑeːk̬ ɑ] 'little time'); segmentation errors due to transcriber misinterpretations; words pronounced completely with creaky voice or whispered or during laughter; overlaps and some other cases.
The final dataset included 1173 words. For every word a pronunciation variant of intervocalic /h/ was annotated. Potential conditioning factors for every case were also labelled: social factors such as speaker's gender (female or male), speaking situation (formal or informal); linguistic factors such as word's position in the utterance (initial, medial, final or isolated i.e. between pauses), accentuation (accented or deaccented), and word class (content or function word).
Statistical analysis was carried out in R [16] . Descriptive statistics included the number of occurrences and percentages, cross tables to analyse together social factors or linguistic factors. In order to find out significant associations within the data, chi-square test was used. Results of the chi-square test are presented alongside the effect size (values of Cramer's V) to evaluate the strength of the co-variance. Also Pearson's residuals are reported. To test which factor has the strongest association with the variants, conditional inference trees were used.
Results and discussion
As could be expected, the most common variant of /h/ is the voiced variant: short intervocalic /h/ is pronounced as voiced in 70% of the cases (e.g. Short /h/ is pronounced as voiceless quite rarely (in 6% of the cases). Visual inspection of spectrograms showed that the voiceless /h/ can be partly voiced (from initial or final part or both). Table 2 lists absolute numbers and percentages of variants of short intervocalic /h/ in the case of each potential conditioning factor. 
Voiceless variant of /h/
In Figure 1 an example of voiceless [h] in the word mehi [mehiˑ] 'man, part.pl.' is given. Table 2 shows that social factors do not influence the occurrence of voiceless [h], but prosodic factors do. Compared to other utterance positions /h/ is pronounced more often as voiceless in isolated words (21% compared to 7%, 4% and 10% in the utterance initial, medial and final position). Also accentuation raises the probability of voiceless [h] to occur (8% compared to 3% in deaccented words). Voiceless [h] occurs more in accented content words (64% of the cases) than in other combinations of accentuation and word class. The voiced variant of /h/ is more frequent in the speech of female than male speakers (76% vs. 64%, see Table 2 ). The formality of the situation raises the percentage of the voiced variant (86% compared to 68% in the informal situation). There are relatively more voiced variants when the word occurs in the utterance initial position (75% compared to 69% in utterance medial and 70% in utterance final position). The percentage of the voiced variant is higher in accented than in deaccented words (77% vs. 56%) and it is also higher in content than in function words (71% vs. 64%). The loss of /h/ is more frequent in the speech of male as compared to female speakers (27% vs. 15%) and in informal situation as compared to formal situation (23% vs. 6%, see Table 2 ). It is interesting to note that in formal situation the loss of /h/ occurs only in the speech of male speakers. In deaccented words, the loss of /h/ is more frequent (34% compared to 15% in accented words). There are also relatively more cases of the loss of /h/ in the utterance medial words (24% compared to 17% in utterance initial and 18% in utterance final position) and in function words (27% vs. 20% in content words).
Voiced variant of /h/

Loss of /h/
Loss of /h/ and vowel shortening
The loss of /h/ accompanied by vowel shortening occurs only in informal situation (see Table 2 ). The deaccented utterance position raises the probability of a vowel to be shortened after the loss of /h/ (there were only 2 cases of the loss of /h/ accompanied by vowel shortening in accented words). There are relatively more cases of the loss of /h/ accompanied by shortening in the utterance medial and final positions than in the utterance initial position (3% vs. 1%), but this variant occurs most likely in deaccented words in the utterance medial position (73% of the cases).
Associations between variants of /h/ and social and linguistic factors
When it comes to social factors, the chi-square test shows a significant association between variant and gender with a small effect size: χ 2 = 28.25, df = 3, p < 0.0001, Cramér's V = 0.155. Pearson's residuals of chi-square tests are given in Table 3 . Pearson's residuals suggest that loss of /h/ occurs less than expected in the speech of female speakers (negative residuals of -3.22) and more than expected in the speech of male speakers (positive residuals of 3.05) while voiced variant of /h/ is overrepresented in the speech of female speakers (positive residuals of 1.87) and underrepresented in the speech of male speakers (negative residuals of -1.78). The chi-square test also shows a significant association between variant and speaking situation with a small effect size: χ 2 = 23.59, df = 3, p < 0.0001, Cramér's V = 0.14. Pearson's residuals indicate that the voiced variant has a tendency to combine with formal situation (positive residuals of 2.14), whereas the loss of /h/ and loss of /h/ accompanied by vowel shortening show the opposite tendency (negative residuals of -3.58 and -1.80).
Concerning linguistic factors, the chi-square test shows a significant association between the variant and utterance position with a small effect size: χ 2 = 30.45, df = 9, p < 0.001, Cramér's V = 0.09. Pearson's residuals of chi-square tests are given in Table 4 . Similarly, in the case of Spanish intervocalic /s/ no effect of word class on reduction was observed [6] .
The analysis of conditional inference trees with all independent variables can be seen in Figure 4 . It provides further evidence that variants of the short intervocalic /h/ are mainly associated with accentuation because all significant constructions fall into two sets based on this factor (see 
Conclusions
The pronunciation of the short intervocalic /h/ varies quite a lot in spontaneous speech. There is a significant association both between variants and social factors and between variants and linguistic factors (except word class). Of all the factors accentuation has the strongest effect.
As could be expected, the main variant of the short intervocalic /h/ is the voiced variant that occurred in 70% of all cases. It is the most frequent variant in accented words and in formal situation. Its percentage is higher in the speech of female speakers than in the speech of male speakers. If it occurs in deaccented words it is more frequent in formal than in informal situation.
The loss of intervocalic /h/ is the second most frequent variant (21% of the cases). It can bring along prosodic variation: disyllabic words are pronounced as monosyllabic words with a long vowel or diphthong. Loss of /h/ is more frequent in the speech of male speakers than in the speech of female speakers and in informal situation. When male speakers use it also in a formal situation, female speakers do not. Loss of /h/ occurs more frequently in deaccented words where it can also lead to vowel shortening. However, vowel shortening after the loss of /h/ is quite rare (3% of all cases) and occurs only in informal situation. The voiceless variant also occurs quite seldom (6% of the cases) and is influenced by factors such as accentuation and position of the word.
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